Workers may be exposed to dust containing high levels of respirable crystalline silica during hydraulic fracturing.
H ydraulic fracturing or "fracking" has increased significantly in the past 10 years because new horizontal drilling and multi-stage fracking technologies have improved access to natural gas and oil deposits. In fracking, large volumes of water and sand are pumped into a well at high pressure to fracture shale and formations, allowing oil and gas to flow into the well.
Large quantities of silica sand are used during hydraulic fracturing. Sand is delivered via truck, loaded into sand movers, transferred via conveyer belt, and blended with hydraulic fracturing fluids prior to high-pressure injection into the drilling hole. Transporting, moving, and refilling silica sand into and through sand movers, along transfer belts, and into blender hoppers can release dusts containing silica into the air (Occupational Safety and Health Administration [OSHA], 2012). Workers can be exposed if they breathe the dust into their lungs.
The National Institute for Occupational Safety and Health (NIOSH) and OSHA investigate worker safety and health hazards in oil and gas extraction, including chemical exposures during hydraulic fracturing operations. NIOSH recently found that workers may be exposed to dust containing high levels of respirable crystalline silica during hydraulic fracturing. Respirable crystalline silica is the component of crystalline silica small enough to enter the pulmonary alveolar region of the lungs if inhaled. Primary sources of exposure to silica dust during hydraulic fracturing occur when dust is (1) ejected from access ports on top of sand movers while the machines are running (hot loading) or ejected and pulsed through open side fill ports on sand movers during refilling operations; (2) generated by on-site vehicle traffic; (3) released from the transfer belt under sand movers; (4) created as sand drops into, or is agitated in, the blender hopper and on transfer belts; (5) released from operations of transfer belts between sand movers and blenders; and (6) released from the top of the end of the sand transfer belt on sand movers (OSHA, 2012) .
Hydraulic fracturing sand contains up to 99% silica. Breathing silica can cause silicosis; trapped silica particles lead to inflammation and scarring, thereby decreasing lung function (NIOSH, 1986) . Silica can cause lung cancer and has been linked to tuberculosis, chronic obstructive pulmonary disease, autoimmune disease, and kidney disease (NIOSH, 2002) .
Three types of silicosis exist. Chronic (classic), the most common, occurs after 10 to 20 years of moderate to low exposure to respirable crystalline silica. Before symptoms appear, lung function testing of workers exposed to silica may reveal reduced forced vital capacity or mixed restrictive and obstructive patterns. Chest x-ray usually reveals rounded opacities in the lung fields (Ahasic & Christiani, 2011) . With progression, workers may experience dyspnea on exertion, fatigue, extreme shortness of breath, cough, and perhaps respiratory failure. Accelerated silicosis is similar to chronic silicosis but progresses more rapidly, occurring after 5 to 10 years of high exposure to respirable crystalline silica. Acute silicosis occurs after only a few months or years of exposure to extremely high levels of respirable crystalline silica. Symptoms include rapidly progressive and severe shortness of breath, productive cough, weakness, and weight loss. Chest x-ray reveals a diffuse "ground glass" appearance. Although much less common than other forms of silicosis, acute silicosis nearly always leads to disability and death (Ahasic & Christiani, 2011) .
Engineering controls, work practices, protective equipment, product substitution if feasible, air monitoring, and training protect workers exposed to silica during hydraulic fracturing operations. Alternative proppants (material to maintain an open induced hydraulic fracture) may reduce silica exposure, but health hazards associated with these must be carefully evaluated (OSHA, 2012) .
OSHA has jurisdiction over the safety and health of workers involved in upstream oil and gas operations. The General Duty Clause of the Occupational Safety and Health Act and OSHA's General Industry Standards (29 CFR 1910) apply to the upstream industry. Several OSHA standards and directives cover operations potentially exposing workers to silica, including Air Contaminants, Hazard Communication, and Respiratory Protection. OSHA's Directive CPL 03-00-007, National Emphasis Program-Crystalline Silica, offers detailed information on silica hazards, air sampling, and permissible exposure limits for dust containing silica (OSHA, 2012) .
